This paper is an attempt to solve two problems related to musical acoustics. The first one consists in defining a signature of an instrument, namely summarizing its vibroacoustical behavior. The second one deals with the existing relationship between the musical sound and the vibroacoustic properties of the instrument body. The violin is the application of this paper. A proposed solution for the first problem consists in an estimation of the bridge transfer mobility and the mean-value of the lateral bridge transfer mobility. The second problem is studied via the comparison between the amplitudes of harmonics, extracted from a glissando audio signal, and the lateral bridge transfer mobility: both curves exhibit similar features. This is the main result of the paper. This is evidenced by studying the effect of a violin mute on both the lateral bridge transfer mobility and the produced sound. Finally, this is evidenced by successfully identifying which violin is played in an audio recording, using the computation of the Pearson distance between the distribution of the amplitude of harmonics and a database of measured mobilities.
I. INTRODUCTION
The sound produced by string instruments is the result of several interacting subsystems that basically are the string, the body, and the surrounding fluid, the body being itself made up of several subsystems (bridge, top and back plates, soundpost, ribs, etc, ...). An example of functional diagram of the violin is given in Figure 1 .
The musical gesture leads to an interaction between the musician and the string (a). The complicated motion of the string generates mechanical forces, which are transmitted to the instrument body, via the bridge, along the three spatial dimensions (b). The instrument body contains numerous mechanical eigenmodes, potentially coupled to the soundbox. The mechanical response leads to an acoustic radiation (c). The acoustic field generates the produced sound, which can be heard by the listener (d).
In the manufacturing process, the luthier chooses the materials, the design, and the assembly techniques. During the restoration process, he may replace a few pieces of the instrument, or set cleats on the soundboard to fix cracks, for instance. The luthier may also adjust settings on the instrument, by changing its configuration, moving the soundpost, or even modifying the shape of the bridge. All of these modifications have multiple consequences, which are, a priori, difficult to predict. The acoustician can propose tools designed to assist the luthier, namely methods enabling the objective characterization of the vibroacoustic behavior of the instrument body, and consequently, enabling to guide his choices when he modifies an instrument. These characterizations, when relevant, define the signature of the instrument. The objective of the study is to determine how the sound of a violin is related to the mechanical characteristics of its body, namely the correlates of the mechanical behavior of the instrument in the characteristics of the produced sound. These correlates are the so-called signature of the instrument. In the context of lutherie assistance, the characteristics defining the signature of the instrument should be able to be measured in the artisan's workshop, with affordable, robust, and manipulable experimental devices.
Many attempts have been made to define the signature of the violin. First, Hacklinger 1 proposed to measure the "signature" by measuring the frequency response of the bridge. The term signature is mostly attributed to the first violin modes [2] [3] [4] [5] [6] [7] . These modes are then classified into two major categories 8 : cavity modes and corpus modes. Since their presence in the low-frequency domain is a common feature of most violins, or even of a complete violin octet 8 , it can be interesting to study them thoroughly. Besides, the frequency range of these modes roughly lies in the frequency area of the fundamental frequency of open strings (196-660 Hz) 8 . The adjustment of these modes is therefore an important issue for the luthier, since it is directly related to the playability of the instrument 9, 10 . However, the knowledge of the frequency and the shape of a particular mode, or by extension to a broad frequency range, to numerous modes, may give too many information. Modal analysis is not in the scope of the paper, since our approach relies on a global description of the mechanical behavior of the instrument, both in the low-frequency and in the mid-or high-frequency range.
Studies on the mechanical response of the violin body in a broad frequency range reveal a salient characteristic of the bridge mobility of the violin, like, for instance, an amplification of both the bridge mobility and sound spectrum spanning a frequency range from 2 kHz up to 3 kHz : it is often refereed as the Bridge Hill 6, 11, 12 . These characteristics seem to be a main feature of the violin mobility since it is not found in other string instruments, like the guitar [13] [14] [15] , or the ukulele 16 . More recently, the mechanical behavior has been investigated in a broader frequency range 15 , using statistical analysis. The produced sound of violins has also been investigated, mainly using Long-Time Average Spectra (LTAS) of isolated tones 17 , or glissandi [18] [19] [20] [21] [22] . These studies do not attempt to relate the vibrating behavior of the instrument to its produced sound.
In this paper, we chose to focus on the coupling between the string and the violin body, via the bridge, to study the mechanical behavior of the instrument, by means of bridge transfer mobility measurements. The second part of the study characterizes the produced sound; it consists in finding correlates of the bridge transfer mobility in the violin sound spectra. It is based on an analysis of long-time average sound spectra of violin glissandi, as employed, for instance, by Carillo et al. 19 . The other interactions displayed in Figure 1 , namely the musical gesture, the acoustic radiation, the analysis, and the perception of the sound, are not taken into account in the paper.
The main aspects of our approach are highlighted by the organization of the paper. The features of the violin bridge transfer mobility are studied in Section II. It consists in computing the averaged bridge transfer mobility. Then, Section III studies the features of the violin sound: a harmonic estimation method is applied to glissandi signals in order to study the evolution of harmonic amplitudes as a function of their frequencies. Then, envelope curves of violin sounds spectra are computed in order to relate their underlying tendencies with that of the bridge transfer mobility. The last section describes two applications of the method: first, it is applied to highlight the effect of a violin mute on both mechanical behavior and on spectral characteristics. Then, it is applied in order to identify which violin is played in an audio recording, among a limited database.
II. BRIDGE TRANSFER MOBILITY OF THE VIOLIN
A. Bridge transfer mobility : modal description
The joint between the bridge and the string is considered as punctual. The interaction between the force F , applied by the string motion on the bridge, at point E, and the velocity V of the bridge at point A, is described in the Fourier domain, by the following relationship:
where the indexes x and y denote spatial directions. The 2 × 2 matrix Y is called the bridge admittance matrix. It writes
In this description, it is assumed that no torque is applied to the body when forces are applied to point E, so that the component in the z direction is ignored (cf. Ref. 23 ). It is also assumed that the force that is applied by the string to the bridge presents two main components: the F x component, called the lateral force, and the F y component, called the transverse force. In previous studies, the coupling between the string and the instrument body is mostly studied via drivingpoint mobility measurements [24] [25] [26] . The observation point is then located on an upper corner of the bridge, while the excitation is made at the opposite upper corner. Since the musical sound is due to the soundboard vibration, it seems more suitable to measure the ability of the soundboard to vibrate when the system is excited by the string. In this paper, the observation is located on the soundboard, at the bridge foot, and the excitation point is located on the upper part of the bridge, next to the contact point between the string and the bridge (cf. Figure 2 ). Since the observation point is not located at the same point that the excitation point, and the bridge is not solid, the corresponding mobility is called transfer mobility in the rest of the paper.
The excitation is given in two different directions (as shown in Figure 2 ), leading to two transfer mobility curves, called transverse transfer mobility (impact given on the bridge, at point E, in the y direction) and lateral transfer mobility (impact given on the side of the bridge). These two transfer mobility (denoted Y T (ω) = Vy Fy and
Fx for respectively the transverse and the lateral transfer mobility) are thus the ratio between the transverse velocity V y (ω), and the excitation forces, denoted F y (ω) and F x (ω). When a force is applied at a point denoted by E and the velocity is measured at point A, the mechanical admittance Y (A, E, ω) writes:
where Φ k , m k , ω k , and η k denote respectively the modal shape, the modal mass, the modal pulsation, and the modal loss factor of k th mode.
B. Bridge transfer mobility measurement: typical experimental result
A straightforward method to measure the transfer mobility is to record the acceleration signal, via a small accelerometer, of the structure, when it is submitted to an impulse force, performed by a small impact hammer at the driving-point location. The violin is hanged with wires, to create free edges conditions. During the measurements, strings are muffled to avoid the appearance of string modes in the frequency response. Indeed, non-muffled strings introduce narrow peaks and dips in the frequency response function. Since string mode contributions are not dependent on the manufacturing process of the instrument maker, the study focuses only on the instrument body, loaded by the tension of the strings. The acceleration and force signals are obtained simultaneously, using a small accelerometer PCB Piezotronics 352C23 (0.2 g) and a small impact hammer PCB Piezotronics 086E80. The head of the hammer is mounted on a flexible beam clamped at its extremity. Such a setup is a convenient way to control precisely the impact location and to avoid multiple hits. However, multiple hits may occur: they were simply discarded. The duration of signals is 1 s, for both the acceleration and force signals, at a sampling rate of 16384 Hz. Since the impact and the acceleration response of the soundboard are shorter than 1 s, they do not require a specific window, so that a rectangular window is convenient. Figure 3 shows typical variations of the modulus of the transverse and the lateral transfer mobility measured on a violin. These plots include numerous modal contributions, leading to a complicated pattern. In this section, we attempt to highlight the underlying tendency of the bridge transfer mobility curves of violins. For that purpose, the averaged transfer mobility is computed. We expect this descriptor to describe efficiently the mechanical behavior of violins.
We define the averaged mobility as the mean-line of the logarithmically plotted mobility curve; it is the geometric mean between a resonance and its successive antiresonance. It can be estimated by computing the moving average of the mobility curve, in dB. It consists in computing the mean-value of the mobility, expressed in dB, contained in a sliding window of a certain span, this latter moving from a sample to the next. The obtained averaged mobilityȲ dB writes:
, ω 1 and ω 2 being respectively the lower and upper angular frequency bounds of the sliding window. Although, the value of ∆ω may be chosen arbitrarily, the shape of the obtained averaged mobility depends on ∆ω. In this paper, the averaged mobility is used to highlight global features of the bridge transfer mobility by removing the effect of modal contributions on the mobility curves. A value of ∆ω = 500π rad/s has been empirically found to be a good trade-off between a too narrow and an excessively large window; it enables to both smooth the mobility magnitude curve, so that individual modal contributions are no longer visible, and to follow its slow variations. As long as these conditions are respected, this value can be adjusted according to one's wishes. Figure 3 shows the transfer mobility curves of the violin and their corresponding averaged mobility for the transverse and the lateral directions.
The lateral transfer mobility level is higher than the transverse transfer mobility. At frequencies higher than 1000 Hz, the difference of magnitude between these mobilities is around 5 dB. The violin soundboard is therefore more efficient to vibrate when the bridge is excited laterally. In playing conditions, the soundboard vibration, and consequently the sound production, is favored by the lateral motion of the string. This property is suitable to playing techniques, since bowing techniques use mostly lateral excitation of the string 28 . Under 1000 Hz, the difference is smaller: the lateral and transverse transfer mobility are similar. The characteristic mobilities, both lateral and transverse, exhibit a few local maxima. Two of them are more noticeable: the first one is around 1000 Hz, and the other one is around 2500 Hz.
It is worth noting that the first modes displayed in Figure. 3 have a low level. This is certainly due to the fact that the accelerometer is located near the soundpost, which is a nodal point for low-frequency modes 29 
III. CHARACTERISTICS OF GLISSANDI PRODUCED BY A VIOLIN
The relative motion between the bow and the string generates self-sustained oscillations. The control parameters of the oscillation can be varied by the musician such that the variability of produced sounds is large. For instance, the spectral analysis of the steady part of the self-sustained oscillation of a same note, played by the musician with different dynamics, or with different attacks, shows that the relative amplitude of harmonics can present large variations. We propose to analyze glissando signals, enabling to study violin sounds in a spectral continuum over a broad frequency range.
A. Sound analysis
The violin glissandi are analyzed via two complementary methods:
1. a spectral analysis, also called harmonic estimation, estimates the amplitude and the frequency of the harmonics included in each temporal frame.
a spectral envelope analysis detects and identify global amplifications of harmonics
The first method is a fine analysis, it studies the correlation between the distribution of the amplitude of harmonics and the measured transfer mobility. The second method is a global analysis, it enables to emphasize the effect of the global shape of the transfer mobility on the spectral envelope of violin sounds in playing conditions.
Harmonic estimation
The string motion, when bowed, is a periodic selfsustained oscillation. Its spectrum shows peaks at frequencies multiples of the fundamental frequency f 0 . In order to relate the harmonic magnitude variation of violin sounds as a function of their frequencies and the bridge transfer mobility curves, it is necessary to estimate these magnitudes and frequencies accurately, whether the signal is stationary (a single tone is played) or not (a glissando for instance). A straightforward solution is to detect peaks from the discrete time Fourier transform (DFT) for each temporal frame corresponding to harmonics, and then extract their corresponding magnitudes and frequencies. This method presents the advantage of being fast. However, it is limited in terms of accuracy, due to the DFT. Indeed, the bins of the DFT are spaced by a frequency equal to F s /N where F s is the sampling frequency, and N is the size of the DFT. If the frequency of a harmonic is between two DFT bins, which is very likely to occur, the estimation of both the frequency and the amplitude will be biased, because of the lack of information between frequency bins. This issue can be sorted out by applying the QIFFT method (Quadratically Interpolated Fast-Fourier Transform) 30, 31 . It consists in a quadratic interpolation of the very first points around each peaks of the logarithmic Fourier transform of the signal to which a Gaussian window has been applied. The knowledge of the 2-order polynomial function gives the frequency, and the complex amplitude of each harmonic. This method is valid as long as the peaks are well-separated and their bandwidth is small, which is the case for violin sounds. The signal is sectioned into temporal frames of length N f , with a slight overlap. Each temporal frame is normalized by its RM S value. This aims at lessening the variation of input force from a temporal frame to the next. Then, the following steps are applied to each frame: a estimation of the fundamental frequency f 0 , using a autocorrelation technique 32 ,
b Fast-Fourier Transform of the windowed signal (Gaussian window of length N f ), c application of the QIFFT algorithm to the peak corresponding to f 0 .
d repetition of step c., where the analyzed peak is the following one, and so on until the algorithm reaches the Nyquist frequency F s /2.
Formant analysis
The aim of the study is to find a potential underlying presence of the mechanical characteristics within the spectral characteristics of the produced sound. We assume that the instrument acts like a source-filter system, where the source is the string oscillation, and the filter is the instrument body. In a source-filter model, the output signal s(t) is seen as the convolution of an input signal x(t) convolved by a filter impulse response of a linear invariant system h(t). Hence:
If the source x(t) is harmonic, as the oscillations of the vocal folds or violin strings, the output signal s(t) is also harmonic, but its spectrum S(ω) is then disturbed by the filter frequency response H(ω). Indeed, the low variations of S(ω) (i.e. its spectral envelope) follows the shape of H(ω). The resonances of H(ω) are therefore detectable in S(ω) by looking at its spectral envelope. The broad peaks in the spectral envelope of a source-filter model output signal are commonly named formants 33, 34 . Studies about speech acoustics mainly use the sourcefilter model to detect formants 33 , responsible of vowel detection 35, 36 . Applied methods include Linear Predictive Coding (LPC) 37 or cepstral coefficients 38 . We chose to use the LPC method, since it is straightforward and sufficient for our study. LPC algorithm is based on an estimation of the p coefficients of a p-size AR filter of the output signal y(t). The obtained filter is the one minimizing the prediction error, in the least square sense. The prediction is based on the past samples of y(t).
Letŷ[n] be the predicted value, it is defined as:
where p is the model order, a k are the predictor coefficients, and y[n − k] are the previous samples. The predictor coefficients are then estimated by minimizing the error function e[n] = y[n] −ŷ[n] in the least square sense, hence:
where a ∈ R p is the vector containing the p predictor coefficients.
The model order is the number of poles in h(t), i.e. twice the number of resonances or maxima residing in the spectral envelope. In our case, h(t) contains numerous poles, corresponding to each mode of the instrument. The aim of this analysis is to emphasize the averaged transfer mobility in the sound spectrum. This latter exhibits a few maxima, basically between 3 or 4, in our frequency range of interest (0-4000 Hz). Consequently, the number of poles should be slightly greater than twice the number of maxima. The model order for LPC analysis may be adjusted. Typically, setting the model order at a value between 8 and 16 has been found to be sufficient to both estimate the spectral enhancements and obtain a smooth spectral envelope. In this paper, it is set to p = 10.
It is worth noting that this analysis differs from a classic formant analysis as used in speech processing: the LPC is used to estimate the spectral enhancements of violin sounds, which do not necessary correspond to resonances of the filter.
B. Experimental set-up
The analyzed signals are obtained by recording the near-field sound pressure signal in an anechoic chamber. The microphone is located a few centimeters in front of the soundboard, next to a f-hole. During experiments, a musician plays glissandi on the lowest string from D (292.5 Hz) to G (195 Hz). The musician is nonprofessional, having a long experience of bowed string instruments practice, basically more than 15 years. It is the same throughout the paper. For the study, the musician played on different violins, labeled V 1 , V 2 , and V 3 . The sampling frequency F s of the near-field pressure signal is 8192 Hz, and the recorded signals are 10 seconds long. For the analysis, we chose N f = 100 ms, and the time lag between two temporal frame is dt = 20 ms. them thrice for each configuration. Figure 4 clearly shows three frequency bands for which the energy is amplified: around 500 Hz, 2250 Hz, and 3500 Hz. Figure 5 shows the amplitude of harmonics estimated from the sound pressure signal, recorded during the glissando, as a function of the frequency, for the 3 violins. Figure 5 also displays the corresponding lateral transfer mobility measured at the bridge base. Since the harmonics tend to overlap during the glissando, the harmonic density increases with the frequency, leading to a fairly fluctuating curve. In order to avoid such fluctuations in the amplitude of harmonics curve, we computed the mean value of the harmonics included in a 1 Hz-wide frequency band. The resulting vector, the distribution of the amplitude harmonics, is then the mean amplitude in each frequency unit.
Amplitude of harmonics
The visual comparison between the distribution of the harmonic amplitudes with the lateral transfer mobility curve measured at the violin bridge shows that both curves are similar. Indeed, both curves exhibit the same aspect: harmonics are amplified at frequencies for which the transfer mobility is high, and they are attenuated at frequencies for which the transfer mobility is low. This similarity is shown for the 3 different tested violins.
The computation of a similarity feature, called the Pearson distance, enables to quantify the distance between these two curves. This feature, widely used in gene expression clustering 39 , for instance, quantifies the similarity between two random variables X and Y . It writes
where cov(X, Y ) is the covariance of X and Y , and σ is the standard deviation. The Pearson distance is used in this paper only as a quantitative way to measure the similarity between the distribution of harmonic amplitudes and the transfer mobility. Thus, similarities between these quantities in different violin configurations can be quantitatively compared. In a particular case, d A k ,YL = 0.12, which confirms the similarity observed at first sight. A value of 0.12 is considered as small enough to imply that the lateral transfer mobility acts on the amplitude of harmonics, regardless the musician gesture. Regarding the same case, the Pearson distance between the harmonic distribution and the transverse transfer mobility is 0.33, which shows that the lateral transfer mobility is more influential on the resulted sound. For the rest of the paper, only the lateral bridge transfer mobility is observed, since bowing techniques primarily use excitation in the lateral direction. More precisely, the bowing inclination depends on the bowed string. For the G string, the inclination is included between -10 to -20 degrees 28 . The spectral characteristics of violin tones are likely to be very dependent of the lateral bridge transfer mobility. It is indeed possible to find the fine variations of the lateral bridge transfer mobility using a spectral analysis of violin sounds. This result suggests that the lateral transfer mobility is the main signature of the violin: its presence is inherent in near-field acoustic spectra of violin sounds.
2. Long-time averaged spectral envelope Figure 6 shows a typical example of the obtained longtime averaged spectral envelope, as well as the lateral transfer mobility and the averaged lateral transfer mobility of the corresponding violin.
The variations with the frequency of the long-time averaged spectral envelope are similar to the averaged transfer mobility curve. The long-time averaged spectral envelope also exhibits the salient features of the averaged transfer mobility, namely the bump between 500 Hz and 600 Hz, then the dip between 1000 and 2000 Hz, and the maximum around 3500 Hz. The three main maxima of the long-time averaged spectral envelope are called F 1 , F 2 , and F 3 . The presence of a formant around 500 or 600 Hz is consistent with what have been previously observed in Refs 20, 40, 41 . One can find the presence of another formant, at frequencies around 2 or 3 kHz, in the literature 21, 40, 41 . It is often assimilated to the Bridge Hill 6, 11, 12 . Figure 6 . Long-time averaged spectral envelope computed from the sound pressure signal of glissandi, performed on violin 1. The measured lateral transfer mobility and the averaged transfer mobility are displayed for comparison. For the mobility and spectral envelope curves, a value of 0 dB corresponds to their maximal amplitude.
Signature of violins
During a glissando, it has been shown that:
1. there is a significant similarity between the amplitude of harmonics and the lateral transfer mobility at the bridge. This suggests that among several factors that determines the amplitude of harmonics, the lateral transfer mobility level is predominant.
2. the spectral envelope curve of sound pressure signals presents a formantic structure, i.e. they exhibit broad band local maxima at frequencies similar to those of the broad band peaks of the averaged transfer mobility.
These observations show that the lateral transfer mobility is a signature of the instrument.
IV. RELATIONSHIPS BETWEEN TRANSFER MOBILITY AND PRODUCED SOUND
In order to test the relevance of the proposed acoustic signature of violins, we propose two different experimental applications. The first application is the characterization of the effect produced by a violin mute on both the bridge transfer mobility and the spectral characteristics. The second application is an automatic test, consisting in identifying a violin in an audio recording from a database of several different measured transfer mobilities.
A. Characterization of a violin mute
The violin mute is a small device which is usually placed on the bridge. It aims at weakening the bridge vibration, and consequently the sound radiation. The present section deals with the effect of a particular mute (shown in Figure 7 ) on both the bridge transfer mobility and on the spectral characteristics of the violin sound. The methods described in previous sections are applied on the same violins in both configurations: with and without the mute placed on its bridge. The studied mute approximately weighs 1 g.
Since, one may expect a global effect of the violin mute, this section uses the global study, namely it computes the averaged transfer mobility and the long-time averaged envelope curves. This technique efficiently emphasizes the effect of the violin mute.
Effect of the mute on the transfer mobility curves
The lateral transfer mobility of the violin without the mute, and then with the mute, have been measured in the same experimental conditions, following the same protocol. Figure 8 displays the averaged transfer mobility curves for both violin configurations.
The effect of the mute on the bridge transfer mobility can be clearly seen:
• in the low frequency domain, when f < 1000 Hz, the transfer mobility is hardly modified
• in the frequency range 1000-2500 Hz, the averaged transfer mobility curve in the mute configuration is much lower than the one of the normal config- Figure 9 . Long-time averaged spectral envelope of the nearfield pressure signal recorded on violin V1 playing a glissando, in two different configurations: with and without a mute attached to its bridge. The spectral envelopes exhibit three formants, denoted F1, F2, and F3. A value of 0 dB corresponds to the amplitude of the first peak.
uration. The difference spans values from 5 to 13 dB.
• when f > 2500 Hz, the modifications on the lateral transfer mobility are smaller. The difference of lateral transfer mobility amplitude lies around 2-5 dB.
2. Effect of the mute on the spectral envelope curves Figure 9 shows the long-time averaged spectral envelope of glissandi sound pressure signals recorded on the violin V 1 for both configurations, namely with and without the mute.
In the mute configuration, one can notice the disappearance of F 2 . This modification is similar to the modification observed in Figure 8 . It is worth noting that it corresponds to a frequency area where a formant usually occurs in most violin sounds. It is often referred as the "Bridge Hill" in the scientific literature 6, 11, 12 . It also corresponds to the frequency range in which the human ear is the most sensitive. The main effect of the mute is to weaken the sound level of components residing in the most sensitive frequency area of the human ear.
B. Identification of violins using automatic tests
This section aims at testing the ability of the signature proposed in this paper to distinguish violins. We propose to identify which violin, or even which configuration of a violin, is being played from an audio recording and from a set of different measured lateral mobilities.
A musician performs glissandi on 3 different violins, named V 1 , V 2 , and V 3 , in two different configurations for each of them: without mute, which is the nominal configuration C 1 , and with a mute C 2 . For each of these 6 different configurations, the musician performs them thrice, from D (292 Hz) to G (195 Hz). Consequently, a set of 6 audio recordings and a set of 11 different mobilities are available. It is made up of the lateral mobilities of the 6 violin configurations, and three other violins, named V 4 , V1C1  V1C2  V2C1  V2C2  V3C1  V3C2  V4  V5  V6  FS  CS   V1C1  V1C2  V2C1  V2C2  V3C1 V 5 and V 6 , a traditional violin soundboard, named CS, and a flat violin soundboard, named F S. Note that the size of the transfer mobility database is larger than the number of violin configurations in the recordings. The mobilities of the violins V 4 to V 6 are added to check the reliance of the method. They should not, a priori, be identified as the played configuration.
The Pearson coefficient is then computed for the 6 × 11 possible combinations. It is computed the same way than in Sec. III.A.1: the two variables are the distribution of harmonic amplitudes and the lateral transfer mobility. Figure 10 represents the correlation matrix. Each audio recording is then associated to the transfer mobility for which its Pearson coefficient is the largest. Table I displays the results of the automatic test. 
For every audio recording, the method identifies the actual played configuration: it shows that the lateral transfer mobility of violins is a robust acoustical signature of the instrument. Indeed, it is possible to identify a violin in an audio recording from the knowledge of its lateral transfer mobility. Note that the analysis of separate glissandi leads to an accurate identification for each of the 18 audio recordings.
The Pearson distance between violin sounds and the flat soundboard mobility is larger than the distance between the violin sounds and the curved soundboard mobility. This shows that the curved nature of the violin is an important feature of violins. However, the distance remains large between violin sounds and the soundboards. The mechanical behavior of the finite instrument seems to be very different with the one of the sole soundboard: the bass bar, the soundpost, f-holes, and so on, are very important for the luthier to tune the acoustic signature of the instrument.
V. CONCLUSIONS
Results of the presented study show similarities between lateral transfer mobility of violins and the produced sound. These similarities are shown via two methods :
1. the amplitude of harmonics in the near-field pressure signal is correlated to the lateral transfer mobility of the violin. This correlation has been quantified thanks to a similarity index, the Pearson distance.
2. the underlying tendency of the lateral transfer mobility, i.e. the averaged transfer mobility, exhibit maxima at frequencies similar to those of the longtime averaged spectral envelope of the near-field pressure signal.
This relation is confirmed by an identification test, consisting in identifying which violin is being played in an audio recording, among a set of different violins in two configurations. Based on the computation of the Pearson distance between the pattern of amplitude of harmonics in the near-field pressure signal and the lateral transfer mobility, it shows that the audio recording which is at the minimal distance from the lateral transfer mobility of a certain configuration of a violin is systematically the one of the corresponding configuration of the violin.
Even though the database for the test is rather small, and should be enlarged in the future, it is of direct interest to violin makers. It shows that the lateral transfer mobility is a signature of the violin : it remains in the sound signal sound spectra, and is a good candidate as a classification feature for identifying violins. The measurement of the lateral transfer mobility is then an efficient mean for the instrument maker to control some of the produced sound features. The developed tools enable instrument makers to perform such measurement in their workshop, using an impact hammer and an accelerometer.
For instance, the violin sounds present a formantic structure: a maximum in the spectral envelope occurs between 500 and 1000 Hz, and a second one around 2500 Hz. These maxima are due to high level of the averaged transfer mobility. The violin maker can thus adjust the level of lateral transfer mobility in order to adjust them. The example of the violin mute, which cancels the second maximum, illustrates these results.
